SUMMARY The role of goblet cells in the adaptive response of the intestine to jejunoileal bypass was studied in rats submitted to an 85% end-to-side jejunoileal bypass or sham bypass. At 36 weeks the length and wet weight of the duodenum and large bowel was 13-48% greater in animals with jejunoileal bypass. Measurements of villous height and crypt depth confirmed mucosal hyperplasia in the residual functioning small bowel and the distal colon. Histochemical studies in both groups of rats showed an overall predominance of sulphomucins throughout the intestinal tract, but jejunoileal bypass caused a disproportionate increase in the number of sialomucin containing goblet cells in functioning segments of small bowel and distal colon. An abundance of sialomucin cells at the site of anastomosis after jejunoileal bypass may have been a protective response to local mechanical trauma. Goblet cell hyperplasia is a feature of compensatory growth of the intestinal tract after surgical shortening. The changes in colonic mucin seen after jejunoileal bypass resemble those observed in ulcerative colitis and mucosal dysplasia.
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After subtotal small bowel bypass in experimental animals or in patients with morbid obesity, the short segments of jejunum and ileum that remain in contact with the nutrient stream undergo sustained hyperplasia. 1-3 Readily detectable to the naked eye, this compensatory growth is characterised by dilatation and lengthening of the functioning bowel and an increased mucosal mass. Major enteric resections are known to cause hyperplasia of the stomach, duodenum, and colon in addition to the residual small bowel;2 3 our preliminary data suggest similar growth of the duodenum and colon after subtotal enteric bypass.4
The response of individual cell types within the adapting intestinal epithelium has attracted much less attention than the overall phenomenon, though both Monari (1896) and Flint (1912) describe increased numbers of goblet cells in canine small bowel after partial enterectomy.5 6 Besides confirming the extent of intestinal adaptation to jejunoileal bypass, the present studies indicate a specific hyperplasia of goblet cells secreting sialomucins.
Forty male Sprague-Dawley rats (Olac Ltd, Bicester, Oxon) weighing 750+±4 6 g (SEM) were randomly allocated to receive subtotal (85%) jejunoileal bypass or sham bypass. Through a midline abdominal incision the jejunum and ileum were delivered and measured by gentle stretching against a ruler. The total length varied between 85-90 cm.
As in one operation for morbid obesity in man,7 end-to-side jejunoileal bypass was performed leaving 5 cm segments of jejunum and ileum in continuity with the nutrient stream and a long self-emptying blind loop (Fig. 1) . Sham bypass consisted of jejunal transection (and resuture) plus ileotomy (and resuture) at equivalent points in the small intestine (Fig. 1) . to ligament of Treitz) and the large intestine (ileocaecal valve to anus) was measured, with the bowel suspended by a fixed weight (3.9 g) against a vertical scale. These segments of gut were mopped dry and weighed. For morphometric studies, 1 cm segments were cut from the following functioning segments of intestine ( Fig. 1) : duodenum (halfway between pylorus and ligament of Treitz), jejunum (9 cm distal to ligament of Treitz), ileum (2 cm proximal to ileo-caecal valve), proximal colon (85% of distance between anus and caecum), distal colon (40% of distance between anus and caecum). Additional specimens were obtained from the site of small bowel anastomosis and from the defunctioned loop, both a't its midpoint and in its upper segment (9 cm from the top). All samples were fixed in 10% formalin.
The remainder of the small and large intestine was opened longitudinally, pinned flat, and fixed in 10% formalin for 24 hours. Three serial 5 ,um histological sections were then cut from at least three levels in the specimen blocks and were stained with one of the following stains: haematoxylin and eosin for morphometry, high iron diamine-alcian blue for sulphomucins and sialomucins,8 and periodic acidSchiff (PAS) for neutral mucins and some sialomucins.9 Using coded slides to eliminate observer bias, the mean villous height and crypt depth were determined for each specimen from ocular micrometry of 10 properly orientated villi and crypts. The number of goblet cells containing sulphomucin, sialomucin, or periodic acid-Schiff reactivity was similarly estimated for each coded slide, again using 10 perfectly sectioned villi and crypts per slide.
Student's t test and the Mann-Whitney U test were used as appropriate to determine statistical significance.
Results

MORTALITY AND WEIGHT LOSS
There was one operative death after jejunoileal bypass. Four other rats died prematurely from diarrhoea, respiratory infection, and severe weight loss. No animals with sham bypass died. Two healthy animals with jejunoileal bypass were found to have partial intussusception of the defunctioned enteric loop at necropsy. Rats with jejunoileal bypass consumed more food (ca 3 g/rat/day) and water (ca 5 ml/rat/day) than shams during the first eight weeks of the experiment, though these differences diminished thereafter. By 36 weeks, surviving animals with jejunoileal bypass appeared in good health and weighed 70.4% of the weight of control animals.
INTESTINAL WEIGHT AND LENGTH
Jejunoileal bypass increased the length of the duodenum by 38% and its wet weight by 58%. The length of the large intestine was increased by 13% and the wet weight by 29% (Table 1) . Hypertrophy of the duodenum and functioning jejunoileal segments of rats with jejunoiteal bypass was readily apparent to the naked eye. In contrast, the blind loop showed progressive tapering away from the site of anastomosis, at which point the bowel was dilated and its wall appeared thickened.
MORPHOMETRY
The macroscopic appearances of hyperplasia and hypoplasia were confirmed by measurements of villous height and crypt depth in rats with jejunoileal bypass (Fig. 2) . These values were 62-66% higher in the duodenum, 46-55% higher in the functioning jejunum, 41-43% higher in the functioning ileum, and 92-141% higher at the anastomotic junction, as compared with values in rats with sham bypass. When compared with values at the site of anastomosis in rats with jejunoileal bypass, villous height and crypt depth were each 45% lower at the midpoint of the blind loop, and 58% lower in the proximal segment of the loop. Although direct comparions cannot be made, these measurements were lower in the proximal blind loop of rats with jejunoileal bypass than at any site in the small bowel of shams. Jejunoileal bypass increased crypt depth in the distal colon by 24% (Fig. 3 ), but no change was observed in the proximal colon.
MUCIN HISTOCHEMISTRY
Irrespective of operation and throughout the intestinal tract sulphomucin was the predominant type of acid mucin. Within the crypts and villi of the small bowel the relative proportion of sialomucin goblet cells increased distally ( defunctioned loop (Table 3) . Adaptive hyperplasia in the distal colon of rats with jejunoileal bypass was accompanied by 27-30% increments in the population of sulphomucin and periodic acid-Schiff positive goblet cells and by a striking 282% increase in sialomucin cells ( Preliminary data suggest hyperplasia of entero- Increased colonic production of sialomucins after jejunoileal bypass is entirely consistent with the similar increases recently shown in ulcerative colitis. 18 Both conditions are marked by exaggerated proliferative activity in the colonic crypt,3 metaplasia is almost certainly a premalignant change in the stomach. 24 The normal distribution of acid mucins in the colonic crypts of male Sprague-Dawley rats seems slightly different from that described by Filipe in female Wistar rats. 21 In the proximal colon we found an overall predominance of sulphomucin cells, with sialomucin cells clustered in the lower half of the crypt; Filipe found that sialomucins were much more common throughout. In the distal colon, however, we both agree that sulphomucins predominate. Likewise, sulphomucins are much more frequent in normal enteric epithelium.
The data confirm our previous finding that in addition to the adjacent segment of functioning jejunum and ileum, the duodenum and colon take part in the adaptive response of the gut to subtotal enteric bypass. The differences in length, weight, and crypt depth are more apparent in the small intestine than in the colon, probably because a large part of the small intestine was removed while the colon remained intact. The morphometric changes in the proximal (jejunal) segment of the long blind loop suggest marked atrophy, as widely reported in experimental animals and in patients undergoing intestinal bypass for morbid obesity.2 3 Goblet cell changes in general mirror the degree of hyperplasia.
In the present study the distal colon showed evidence of modest hyperplasia, but none was detected in the proximal colon. Although crypt depth is a rather insensitive index,25 its changes do reflect gross epithelial cellularity as assessed by DNA content. Rat proximal colon has morphological peculiarities that can hamper precise morphometry, namely a ridged mucosal pattern and rounded rather than cylindrical crypts. That it does respond to jejunoileal bypass is suggested by increased caecal weight and accelerated crypt cell production rate in the transverse colon.4 It is notable that qualitative and quantitative changes in mucin were also confined to the distal colon, the segment at greater risk of carcinoma both in man and in rats given chemical carcinogens. 27 
